SYNOPSIS A semi-micro method for determination of plasma renin activity (PRA) by radioimmunoassay of generated angiotensin I (Al) is described. The method permits measurement of PRA on 250 pl of plasma without loss of specificity, sensitivity, accuracy or precision.
Several methods utilizing radioimmunoassay techniques have been reported for the measurement of plasma renin activity (PRA) based on the generation rate of angiotensin I (Al) in plasma (Boyd etal, 1969; Haber et al, 1969; Vallotton, 1969; Hollemans et al, 1969; Cohen et al, 1971; Kurtz, 1971; Rossler et al, 1971; Menard and Catt, 1972 ; Katz and Smith, 1972; Sealey et al, 1972; Malvano et al, 1972; Brech and Franz, 1972; Viol et al, 1972) .
Many of these techniques required comparatively large quantities of blood and this has hampered the investigation of the renin angiotensin system in young children. This study describes a semi-micro method for measuring PRA and a preliminary reference range which has been determined in children.
Principle
Since it is not possible to measure the level of plasma renin directly, indirect methods have been developed. Plasma renin activity measures the rate of generation of Al as a result of the action of renin on its natural substrate. This reaction takes place under controlled conditions of incubation and in the presence of enzymatic inhibitors. which prevent Al degradation. The generated Al is measured by radioimmunoassay.
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Materials

BUFFER
The buffer was 0-05M barbitone/hydrochloric acid at pH 8-6 containing human serum albumin, 2-5 g/l (Lister Institute of Preventive Medicine, Elstree, Herts), 0-02M calcium chloride, and 0-2 g/l neomycin sulphate. From each sample, two 125 ,ul aliquotswere removed. One was incubated at 37°C in a waterbath for 3 hours and the other kept in a cold room at 2°C for the same period.
STANDARD
The aliquots were then diluted 1 in 3 by the addition of 250 ,ul barbitone buffer at 2°C. A 500 ,tl sample of deangiotensinized plasma was treated in precisely the same way as the non-incubated unknown samples, that is, appropriate quantities of BAL and 8HQ were added, the pH was corrected to 7-4 followed by dilution 1 in 3 with barbitone buffer.
Radioimmunoassay
The entire radioimmunoassay of the generated Al was carried out at 2°C and in a total volume of 350 ,lI. A standard curve was prepared by adding 10, 25, 50, 100, 150, and 200 pl of standard Al solution (1 pg/,lp) (1 ng/1) to the assay tubes. To each standard curve tube 50 ul deangiotensinized plasma, diluted 1 in 3 in barbitone buffer, was added.
50 pul quantities of the 1 in 3 dilutions of incubated and non-incubated unknown plasma were then added to assay tubes in duplicate. The remaining components of the radioimmunoassay mixture were 50 plA of 1251 Al solution and 50 pl of 1/5 120 dilution antiserum. The contents of all tubes were mixed and allowed to equilibrate at 2°C for 18 hours. The separation of free from bound Al was carried out by adsorbing the former on dextran-coated charcoal. 50 pul of well-mixed dextran charcoal suspension at 2°C was added to each tube. After mixing, all tubes were allowed to stand for 15 minutes and were then centrifuged at 2°C for the same period of time at 1900 g. The supematant solutions were aspirated and the charcoal counted on an automatic gamma counter for 100 seconds.
Quantitation of Renin Activity A standard curve was obtained by plotting counts (free Al) on the ordinate against pg Al on the abscissa. The amount of Al generated was determined by subtracting the value of the non-incubated sample from that incubated at 37°C. The PRA values were expressed as picograms Al generated per ml plasma per hour of incubation (pg AI/ml h-1) (ng Al/I. h-1). This can be calculated from the formula:
PRA (pg AI/mil h-1) (ng AI/I. h-1) = (pgAI 370C _ pgAA 20C) 60 3 However, slight dilutional effects due to the addition of enzymatic blockers and 0-1M HCI should be taken into account. To correct for the former, (A".6 Measurement ofplasma renin activity by semi-micro radioimmunoassay ofgenerated angiotensii I 6 PRA should be factorized by 1-125, although to account for the presence of EDTA in whole blood a standard haematocrit in all the specimens is assumed. To correct for addition of 0-1M HCI a variable factor is necessary: 1-02, 1-04, 1-06, and 1-08 for 5, 10, 15, and 20 ,ul of 0-1M HCI respectively.
Results
VALIDATION OF THE METHOD
Specificity
The specificity of the assay system for renin was indicated by the consistent failure to detect Al after incubation at 37°C of plasma from adult anephric patients. Displacement of 1251 Al by increasing amounts of the immunoreactive product generated during the incubation of plasma was identical with the displacement obtained by increased amounts of synthetic Al standard (fig 1) . There was no evidence of cross reactivity with synthetic Asp' Ileu5 angiotensin II (Schwarz Mann, Orangeburg, USA), with the antiserum used. Non-specific effects of other plasma components were excluded since each incubated plasma was compared with its own nonincubated control.
Sensitivity
The assay system for AT was sensitive with a detection limit of 3 pg.
Accuracv
On addition of synthetic AI to anephric plasma, such that the final quantities in the assay tubes varied from 20 to 200 pg, the recovery was 90-100% even after the 3 hour incubation at 37°C.
Precision
Within assay precision as represented by the coefficient of variation of duplicates ranging through the standard curve was + 5 %. Between assay reproducibility was 10-15 %.
Relevant Experiments in Development of the Method CONTROL OF INCUBATION CONDITIONS Enzymatic Inhibition
Optimal accuracy is obtained when Al is prevented from being degraded and its rate of generation is constant during incubation at 37°C. Effective enzymatic inhibition in incubated plasma was achieved by using a mixture of EDTA, BAL, and 8HQ in concentrations of 20, 4 4, and 6-4 mM respectively. This resulted in almost complete recovery of exogenous Al added to plasma before incubation. When heparinized plasma containing no enzyme inhibitor was incubated no PRA was found. On the other hand, measurement of PRA after incubation of samples of the same plasma containing EDTA, EDTA and BAL, and EDTA, BAL, and 8HQ revealed values of 208, 570, and 923 pgAI/ml h-1 (ngAI/l. h-') respectively.
Angiotensin I Generation Rate and Incubation pH
The validity of this method relies on the assumption that there is a zero order reaction between renin and its substrate during incubation at 37°C. However, the constancy of AT generation with incubation time depends not only on the effectiveness of enzymatic inhibition but on pH variation. The renin reaction is markedly pH dependent with an optimum pH for maximum generation of Al of 5-5-6-0 (fig 2) . The pH of plasma samples containing EDTA increased slightly during the first month or two of storage at -20°C, and then remained virtually constant at 8-0 ± 0-1. Correction of the plasma pH to 7-4 with 0-1M HCI was followed by an increase to 7-7 when unbuffered samples were incubated at 37°C for three hours (fig 3) . However, in spite of this pH change, during incubation of high, medium, and low renin-containing plasmas, the Al generation rate remained linear.
Effects ofPlasma on Radioimmunoassay
The presence of plasma in the direct assay altered the slope of the standard curve (fig 4) . This degree of interference was eliminated by diluting plasma after incubation at 37°C (1 in 3) with barbitone buffer, achieving a plasma dilution in the final radioimmunoassay tube of approximately I in 23 (fig 5) . However, at times, in the presence of tracer damage, there appeared nonspecific protein effects which were not removed by dilution alone. These effects, on the other hand, were eliminated by ensuring similar protein concentrations in the standard curve as were present in the unknown plasma tubes. This could be achieved by the addition of anephric or deangiotensinized plasma to the standard curve tubes in amounts identical with those present in the unknowns. Since this need for protein in the standard curve could not be anticipated in any particular assay, the addition of deangiotensinized plasma became part of the routine immunoassay procedure.
Separation of Antibody-bound from Free Peptide
An efficient separation of bound from free hormone was achieved using T40 dextran-coated charcoal. If addition of dextran charcoal to the assay tubes was achieved in under 3 minutes, a 15-minute time to (Zucchelli et al, 1973; Kodish and Katz, 1974) . However, effective enzymatic inhibition was achieved in this assay with a mixture of EDTA, BAL, and 8HQ, confirming the work of Haber et al (1969 ( ), Rbssler et al (1971 , Menard and Catt (1972), and Malvano et al (1972) . The pH optimum for human renin with renin substrate is known to be between 5-5 and 6-0. At this pH the generation of Al is maximal, and it has been shown that pH changes during incubation are small since the flat portion of the pH optimum curve is utilized (Sealey and Laragh, 1973) . However, the addition of comparatively large quantities of acid or dilution with buffer is necessary to achieve this pH range. Neither of these manoeuvres is desirable, and, in particular, dilution of plasma by buffer during the incubation procedure can markedly reduce the rate ot generation of Al (Katz and Smith, 1972; Sealey and Laragh, 1973) . In view of this the physiological pH of 7-4 was chosen, which allowed constancy of Al generation even though there was some pH instability during the incubation period. Linearity of generation rate within this pH range has been reported by others (Malvano et al, 1972) and considered to be due to the minimal effects of pH variation on Al generation within the physiological pH range. In addition, it kept the amount of Al generated within the optimal range for the radioimmunoassay calibration curve (10-200 pg) .
Plasma in the assay altered the standard curve. This was eliminated by the addition of deangiotensinized or anephric plasma to the standard curve in precisely the same amounts as unknown plasma was present in the sample tubes, thus confirming the work of Katz and Smith (1972) and Malvano et al (1974) . Enzymatic inhibitors may also affect the standard curve (Malvano et al, 1974) , and hence the deangiotensinized plasma used in this assay contained enzymatic inhibitors and underwent pH correction to 7-4 before addition to the standard curve. Non-specific effects caused by other plasma components, including 'angiotensin I-like' proteins (Page et al, 1971) , were eliminated by subtraction from the incubated plasma of the value measured in the non-incubated control.
The inverse relationship demonstrated in normal children between plasma renin activity and age is of considerable interest and is being studied further. Pathological values in children must be compared with the reference range relevant to their particular age before attempting interpretation of their significance.
